Islet transplantation is now established as an optional treatment for type I diabetes. However, rates of insulin independence in islet transplant recipients are still low. Although the major source of allograft is derived from brain-dead patient, the nonphysiologic state of brain death (BD) deteriorates organs such as liver and kidney. To determine the effects of BD on islets, a rodent model of BD has been used. Histologically, islets of BD rats showed decreased permeability and impaired integrity of the cell membranes. Flow cytometric analysis showed that CD11b/c-positive cells within islets were slightly increased in BD. This result suggests that BD induces macrophage infiltration into the islets. Moreover, RT-PCR revealed significant augmentation of macrophages-associated inflammatory molecules (IL-1β, IL-6, TNF-α, and MCP-1) in islets from a BD donor. Inducible nitric oxide synthase (iNOS) was weakly expressed, although not reaching statistical significance compared with control. Our results indicate that islets from a BD donor are immunologically activated and have a potential risk factor for early graft loss and a poor long-term function of grafts in clinical setting of islet transplantation. Immunomodulation, to eliminate intraislet immunocytes and/or activated macrophage-associated molecules, might be necessary for the better outcome after islet graft from BD donors.
INTRODUCTION
late cellular immunity (10). Tissue pretreatment aimed at selectively eliminating antigen-presenting cells (APCs) Clinical islet transplantation is now established as one within donor islets can contribute to reduce the allograft of the treatments for people with type I diabetes (14) . Rerejection. Therefore, it might be important to investigate grettably, rates of insulin independence in islet transintraislet proinflammatory cytokines and intraislet implant recipients are still low. This is because islets have munocytes. high vulnerability for inflammatory response (3). As the Here we study the immunological effect of BD on source of donors for islet transplantation, a donor after pancreatic islets using a rat BD model, and discuss the brain death (BD) is common because the increasing numpossibility of reducing their immunogenicity. bers of older individuals may have sudden intracranial hemorrhage, massive infarction, or trauma (6). Although MATERIALS AND METHODS there have been many establishments in organ transplanAnimals and BD Induction tation in recent years, there are some reports that nonphysiologic state of BD deteriorates organs such as liver All animals in the study were handled in accordance with the Guide for the Care of Laboratory Animals puband kidney. Takada et al. have reported the deterioration of organs followed by activation of the inflammatory lished by the National Institutes of Health and the Guidelines for Animal Experimentation at Kobe University molecules after BD (15) . Nevertheless, the effect of BD on the pancreas has not been investigated.
School of Medicine.
Inbred male Lewis rats weighing 230-300 g were Recent reports show that intraislet proinflammatory cytokines such as IL-1β, IL-6, and TNF-α, which are purchased from Japan Crea Co. Ltd. (Osaka, Japan) and kept under quarantine for 1 week before use in the exderived from macrophages at least partially, can inhibit β-cell function and account for β-cell damage (2,4,5,8, periments. Animals were kept in plastic cages, two per cage. They were maintained in air-conditioned quarters 13). In addition, it has been reported that donor hematopoietic cells within islet, as well as tissue parenchymal with a room temperature of 20 ± 2°C, relative humidity of 50 ± 10%, and an alternating 12:12-h light/dark cycle; cells, play a major role in providing antigens that stimu-28 TOYAMA ET AL. they were allowed free access to water and a pellet diet.
Histological Analysis All surgical procedures were performed using pentobarThe islets from BD rats and control animals were bital anesthesia. All experiments conformed to the US fixed in 10% buffered formalin and were stained with National Institutes of Health guidelines for the use and hematoxylin and eosin to assess by light microscopy. care of experimental animals.
Reverse Transcript-Polymerase Chain Reaction BD was produced as previously described (15, 16) .
(RT-PCR) Briefly, through an occipital burr hole, a balloon catheTotal RNA was extracted from purified 500 islets uster (Fogarty 3Fr, Baxter Healthcare Co., Bedford, MA) ing RNeasy kit (Qiagen, Hilden, Germany) according to was introduced in the subdural space. Inflating the balthe manufacturer's instructions. First-strand cDNA was loon increased the intracranial pressure, thereby inducsynthesized from 5 mg total RNA using oligo-d(T) ing rapid progressive BD with herniation of the brain primer and Superscript II (Gibco BRL, Rockville, MD). stem. The rats were tracheostomized for intubation with The cDNAs were amplified by PCR using AmpliTaq a No. 13 blunt-tipped cannula (Luer Stub Adapter, ClayGold as manufacturer's protocol. All PCRs were perAdams, Inc., New York, NY) and mechanically respiformed for 40 cycles with the exception of β-actin for rated (RR: 80/min, tidal volume: 1.8 ml) for 6 h (rodent 30 cycles. The following primer sequences were used: ventilator, model 683, Harvard Instruments, South Na-IL-1β (forward 5′-CCA GGA TGA GGA CCC AAG CAtick, MA). Mechanically respirated, tracheostomized, 3′ and reverse 5′-TCC CGA CCA TTG CTG TTT CCanesthetized normal rats were rendered as controls. Blood 3′); IL-6 (forward 5′-CAA GAG ACT TCC AGC CAG samples (1 ml) for endotoxin determination were ob-TTG C-3′ and reverse 5′-TTG CCG AGT AGA CCT CAT tained from the tail vein at the time of sacrifice. Endo-AGT GAC C-3′); TNF-α (forward 5′-TAC TGA AGT toxin was measured by chromogenic endotoxin-specific TCG GGG TGA TTG GTC C-3′ and reverse 5′-CAG CCT assay using recombined limulus coagulation enzymes TGT CCC TTG AAG AGA ACC-3′); MCP-1 (forward (limulus test, SRL, Tokyo, Japan).
5′-ATG CAG GTC TCT GTC ACG CTT CTG GGC-3′ and reverse 5′-CTA GTT CTC TGT CAT ACT GGT CACRat Islet Isolation and Islet Cell Preparation
3′); iNOS (forward 5′-CGT GTG CCT GCT GCC TTC Islets were isolated by collagenase (collagenase P 1.5 CTG CTG T-3′ and reverse 5′-GTA ATC CTC AAC CTG mg/ml in HBSS; Roche Diagnostics Co., Indianapolis, CTC CTC ACT C-3′); β-actin (forward 5′-TTG TAA IN) digestion method as previously described (7) and CCA ACT GGG ACG ATA TGG-3′ and reverse 5′-GAT separated by handpicking under the dissection micro-CTT GAT CTT CAT GGT GCT AGG-3′). The PCR scope. The isolated islets were further dispersed into inproducts were separated by a 1.5% agarose gel electrophodividual cells by treatment with accutase (1.5 ml, Innoresis and visualized by an ultraviolet illuminator after vative Cell Technologies, San Diego, CA) at 37°C and staining with ethidium bromide. Densitometry was pergentle pipetting for 20 min.
formed using scanned gel images with analysis by Adobe Photoshop software (Adobe System, Palo Alto, CA) and Monoclonal Antibodies and Flow Cytometry the values were corrected by dividing by amounts of β-for Single Islet Cells actin PCR product Monoclonal antibodies obtained from PharMingen Statistical Analysis (San Diego, CA) were directed against T cells (CD3,
The data are presented as arithmetic means ± SEM. Sta-G4.18), monocytes/macrophages (CD11b/c, OX42), MHC tistical comparisons between groups were performed by class I (RT1A, OX-18), MHC class II (RT1B, OX-6), Student's t-test (two-tailed). The difference was considered and ICAM-1 (CD54, 1A29). Additional antibodies obsignificant at p < 0.05. tained from Caltag Laboratories (Burlingame, CA) were RESULTS directed against β-cells (RLN-9D3). For flow cytometric analysis, cells were stained with antibodies for 30 min Morphological Changes of Islets After BD on ice. The cells were further incubated with a PE-or Isolated islets by handpicking were observed using a FITC-streptavidin (PharMingen, San Diego, CA) for 15 microscope (Fig. 1) . The islets of normal rats were stained min on ice. After washing, the cells were resuspended with eosin strongly; in contrast, the islets of BD rats in staining medium (phosphate-buffered saline with 3%
were less stained with eosin, indicating decreased perfetal calf serum, 0.1% NaN 3 ) with propidium iodide meability and impaired integrity of the cell membranes. (2 µg/ml). The stained cells were analyzed by FACSCalFlow Cytometry for Intraislet Immunocytes ibur with CellQuest software (BD Biosciences, Mountain View, CA). The gate of immunocytes was deterLiving dispersed islet cells were analyzed using flow cytometry (Fig. 2) . The intraislet immunocytes in BD mined using splenocytes. rats (7.08 ± 2.67%) were almost the same as those in normal rats (6.26 ± 1.70%). The ratio of T cells and B cells in the intraislet immunocytes was almost the same between the two groups. The CD11b/c-positive cells were slightly increased in BD rats compared with control (2.53 ± 0.84% vs. 1.73 ± 0.35%, respectively), albeit not reaching statistical significance. These results suggest that islets from BD donors contain increased immunological cells followed by massive central injury. MHC class I and II as well as ICAM-1 were expressed on intraislet immunocytes to almost the same extent in both groups (Table 1) .
Enhanced Expression of Macrophage-Associated Cytokines in BD Donors
The expression of the genes associated with immunological activation was studied using RT-PCR. The macrophage-associated inflammatory cytokines (IL-1β, IL-6, TNF-α, and MCP-1) were strongly expressed in BD islets (Fig. 3A) . To quantify the expression of these molecules, densitometric analysis was performed and divided by amounts of β-actin PCR product (Fig. 3B) . BD islets showed significant augmentation of IL-1β (2.66 ± 0.07), IL-6 (1.64 ± 0.21), TNF-α (1.18 ± 0.28), and MCP-1 (2.74 ± 0.21) compared with control (1.42 ± 0.19, 0.77 ± 0.15, 0.35 ± 0.01, 0.90 ± 0.16, respectively). Inducible nitric oxide synthase (iNOS) was weakly expressed in both groups and did not reach statistical significance.
Serum Level of Endotoxin After BD
After the induction of BD for 6 h, serum levels of endotoxin were measured. BD animals showed the same serum levels of endotoxin as the controls (<5 pg/ml).
DISCUSSION
Although BD donors are the principle source of organ for transplantation, there are some reports that the state of BD before organ retrieval is a potential risk for the outcome of transplantation in kidney, liver, and heart (12, 16, 18) . Unfortunately, there is little information on islet graft survival in the BD state. Thus, we investigated We first observed the morphological changes of islets Our data indicate that use of islets from BD donor may result in early graft loss and a poor long-term function after BD. Islets of BD rats showed decreased permeability and impaired integrity of the cell membranes. Moreof grafts in clinical islet transplantation. Integrative studies of immunomodulation, to eliminate intraislet immuover, despite that T and B cells among the intraislet immunocytes were almost the same, CD11b/c-positive cells nocytes and activated macrophage-associated molecules using radiation or immunocidal drug in culture, may were slightly increased in BD compared to control rats, albeit not reaching statistical significance. This result provide valuable insights in specific aspects for better outcome after islet transplantation from BD donors. suggests that BD induces the infiltration of macrophages into the islets. Pratschke et al. have reported that the REFERENCES progressive numbers of macrophages and T cells enter chemoattractant protein, MCP-1, were significantly upreg-
